Neurons adjust their excitability, connectivity and structure in response to changes in activity, yet how neurons sense their activity level remains unclear.
central nervous system (CNS) negatively correlates with neural activity (Fig. 1b and   d ). Since aCC motorneurons reduce dendritic growth when over-innervated and vice versa 4 , and arbor size regulates input synapse number and thus synaptic drive 5 , we interpret this as a homeostatic adjustment.
We next asked what signals might neurons use to gauge activity levels. Many studies have implicated calcium as an important signal 1 . In view of the energetic cost of neural activity 6 , we wondered whether neurons might also measure activity levels metabolically. We focused on ROS, the superoxide anion (O 2 -), and hydrogen peroxide (H 2 O 2 ), as these are obligate byproducts of mitochondrial respiratory ATP synthesis. Though intensively studied as destructive agents when at high concentration in the context of ageing and neurodegenerative conditions, in healthy cells ROS are necessary for many physiological processes, including growth factor signalling 7 . In the nervous system, ROS regulate NMJ growth in Drosophila 8 , and in vertebrates ROS have been implicated in activity-dependent Hebbian plasticity 9 .
Indeed, we find that highly active neurons produce more ROS as indicated by a mitochondrion-targeted ratiometric ROS reporter (mito-roGFP2-Orp1) 10 ( Supplementary Fig. 1 ). We therefore hypothesised that metabolic ROS might provide a read-out of neuronal activity and regulate synaptic structural plasticity. To test this hypothesis, we first cell-autonomously increased neuronal activity while over-expressing the ROS scavenging enzymes Superoxide Dismutase 2 (SOD2, which catalyses O 2 -to H 2 O 2 conversion) or Catalase (H 2 O 2 into H 2 O). Catalase coexpression significantly counteracts dTrpA1-induced bouton addition at the NMJ ( Fig.   2a ) and rescues dendritic size in the CNS (Fig. 2b) . SOD2 co-expression on the other hand enhances dTrpA1-mediated NMJ elaboration, presumably because of potentiated H 2 O 2 production (Fig. 2a) . We then confirmed that ROS are sufficient to invoke structural plasticity when applied systemically, via paraquat or Di-ethylmaleate (DEM) 8 , or induced cell-autonomously within motorneurons by knockdown of ROS scavengers or Dual oxidase expression (Fig. 2c) . Thus, we implicate ROS, specifically H 2 O 2 , in activity-dependent structural plasticity.
We identified DJ1b, the fly ortholog of DJ1, as a candidate ROS sensor. DJ1, first isolated in 1997 11 , is a highly conserved, ubiquitously expressed gene whose protein product is redox-sensitive, protecting against oxidative stress and regulating mitochondria 12 ; a mutant allele is also linked to a rare form of familial Parkinsonism 13 .
In flies, DJ1b null mutant (DJ1b Δ 93 ) larvaenormal NMJs (Supplementary Fig. 2 ), but these are significantly less sensitive to both systemic and cell-autonomous ROS (Fig. 3a) . Compellingly, both systemic loss of DJ1b and motorneuron-specific expression of a dominant acting mutant form of DJ1b, non-oxidisable at conserved cysteine 104 (DJ1bC104A) rescue dTrpA1 activity-mediated NMJ phenotypes (Fig. 3a) . Likewise, in DJ1b Δ 93 mutant larvae, temperature (29 o C) stimulated increase in locomotor activity fails to produce presynaptic bouton addition (Fig. 3b) . At the postsynaptic dendritic arbor, removal of one copy of DJ1b (DJ1b Δ 93/+ ) is sufficient to significantly suppress dTrpA1-mediated reductions in arbor length ( Supplementary. Fig. 3 ). These data show that DJ1b is necessary for ROS sensing and structural plasticity in response to increased neuronal activity. act downstream of DJ1 and neural activity generated ROS (Fig. 3d ).
In conclusion, we have identified a pathway by which neurons sense changes in activity and translate these into structural changes at pre-and postsynaptic terminals. We show ROS, byproducts of mitochondrial respiration, are necessary and sufficient second messengers, suggesting that neurons respond to activity-induced changes in metabolic rate. We propose that DJ1b, acting as a redox sensor, activates PI3Kinase signalling via redox-regulated inhibition of PTEN (Fig. 3e) , wellknown intermediates of metabolic signalling pathways and synaptic feedback mechanisms 18 . Building on this study we can now determine how these structural adjustments impact on synaptic connectivity, and whether this ROS-DJ1b-PI3Kinase pathway also co-ordinates regulation of neuronal excitable properties. O r e g o n R
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